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0 Transmission system for sending two signals simultaneously on the same communications 
channeL 



0 A transmission system In which a suitably nuxJu- 
lated speech or data signal is combined with a low 
bit rate (lOOb/s) spread spectrum signal and trans- 
mitted simultaneously on tfie same channel with the 
modulated speech lying within the bandwidth of the 
nospread spectrum signal. 

e At a receiver the modulated speech or data 
C signal is demodulated and the modulated speech or 
^data signal together with ttie spread spectrum signal 
Ware applied to a multiplier in which the spread spec- 
^trum signal is despread. 

O A code synchronising signal may be included In 
^the modulated signal prior to transmission and when 
m recovered in the receiver, the synchronising signal is 

applied to a pseudo-random code generating means. 

The transmission system may include a text trans- 



mission system in which case the low bit rate signal 
comprises pages of data. A number of pages may 
be transmitted simultaneously by spreading the data 
associated with each page by orthogonal psuedo- 
random codes. 
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TRANSMISSION SYSTEM FOR SENDING TWO SIGNALS SIMULTANEOUSLY ON THE SAME COMMUNICA- 
TIONS CHANNEL 



The present Invention relates to a transmission 
system for sending two signals simultaneously on 
the same channel. 

tn mobile radio applications speech in the band 
300Hz to 3.3Hz is frequently transmitted as an FM 
signal on an allocated channel having a bandwidth 
of 25kHz. If it is desired to send data then this is 
frequently done by frequency shift key signalling. If 
the mobile is only allocated one channel ttien up to 
now only speech or data can he sent at any one 
time. However there is a desire to be able to 
present text information In a mobile as well as 
being able to conduct voice communications. How- 
ever this would normally require two channels if 
done simultaneousiy. 

One technique for sequentially sending text 
information on the same channel as cunrent rn- 
fonmation is teletext in which as known the text 
information is transmitted In the spare unused lines 
of a television transmission. However there are 
applications where there are not regularly occuring 
unused slots in the signals as transmitted. 

US Patent Specification 4672605 cfiscloses a 
method of simultaneously transmitting voice and 
data over a wide bandwidth (120KHz) channel 
which may comprise a cable pa'r. The voice trans- 
missions occupy ttie lower part of the channel 
bandwidth, say 0 to 3KHz, and the data transmis- 
sk>ns occupy the 30KHz to 120KHz part of the 
channel. The data is encoded and "whitened" us- 
ing spread spectrum technique. This method which 
is sometimes referred to as the one plus one 
technk^ue is unsuitable for use on nanow band 
channels of say 25KHz bandwidth. 

According to one aspect of the present inven- 
tion there is provided a mettKxi of transmitting first 
and second signals by tiie same transmitter on a 
single channel, comprising multiplying signals from 
a first signal source witii a pseudo-random code to 
produce a spread spectrum signal, producing a 
nrKdulated second signal, combining the spread 
spectrum signal and ttie modulated signal so that 
the modulated second signal lies within tiie band- 
width occupied by the spread spectrum signal and 
transmitting ttie combined signals on a single com- 
munications channel. 

Spread spectrum dgnalling technk^ues are 
known per se but as far as is known the simulta- 
neous transmission of two signals, such as a data 
signal and a voice signal, on the same channel has 
not been suggested t»ef6re. By sending data using 
a spread spectrum technique in combination witti 
the modulated signal a more effective use is made 
of tiie available signalling spectrum. Synchronisa- 



tion of the pseudo-random code at tiie nsceiver 
may be achieved by tiie modulated signal including 
a code synchronisation signal. The data rate for the 
spread spectrum signal Is typically t)etween 10 and 

5 lOOb/s. 

In order to be able to distinguish between tiie 
spread spectrum and modulated signals at the re- 
ceiver, tiie spread spectrum signal is transmitted at 
a lower amplitude, for example 20dBs lower, than 

10 ttie modulated signal and appears as noise in the 
transmittBd signal. 

When transmitting text, each page of data may 
be encoded using a different orttiogonal pseudo- 
random code and transmitted simultaneously witii 

15 the otiier pages. However, as only limited numbers 
of orttiogonal codes are available then tiie system 
capacity is in consequence Dmited to a few tens of 
pages. 

If the data to be transmitted Is to be secure 
20 then it can tie encrypted and further protected by 
changing tiie pseudo random code. In any event 
tiie data is not discemable to a person equipped 
with for example an FM receiver because the data 
as transmitted appears as noise. Additional security 
25 can be provided by using frequency hopping tech- 
niques. 

According to a second aspect of tiie present 
invention there Is provkjed a method of receiving a 
signal transmltied \x\ accordance with ttie one as- 

30 pect of the present invention, the method compris- 
ing frequency down-converting tiie received signal 
to form an IF signal, applying the IF signal to a 
demodulator for recovering the second signal, mul- 
tiplying tiie IF signal witii tiie same pseudo-random 

05 code as was used to encode the data, in order to 
despread the signal and narrowband filtering the 
despread signal In order to recover the first signal. 

Despreading tiie data signal to collapse It t>ack 
to Its original bandwidth has a processing gain 

40 which fadl'itates tiie recovery of the first and sec- 
ond signals. 

According to a ttiird aspect of tiie present 
invention there is provided a transmitting apparatus 
comprising a multiplier having a first input con- 

45 nected to a source of first signals, a second input 
connected to a source of a pseudo-random code 
and an output for a spread spectrum first signal, 
means for producing a modulated second signal, 
and means for combining tiie spread spectrum first 

50 signal and tiie modulated second signal so that the 
modulated second signal lies witiiin tiie t>andwidtii 
occupied by ttie spread spectrum signal and for 
transmitting the combined signals on a single com- 
munications channel. 
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According to a fourth aspect of the present 
invention there is provided a receiving apparatus 
for recovering a signal transmitted in accordance 
with the present invention, the apparatus compris- 
ing an r.f. front end for producing an IF signal 
comprising a spread spectrum first signal and a 
modulated second signal, means for demodulating 
the IF signal, a muitipfier having a first input for 
recehfing the IF signal, a second Input coupled to a 
source of the same pseudo-random code as was 
used to spread the spectrum of the first signal and 
an output for the despread signal, and nan-owl^and 
filtering means for selecting the first signal coupled 
to the multiplier output 

The present invention will now be described, 
by way of example, with reference to the accom- 
panying drawings, wherein: 

Rgure 1 is a block schematic diagram of a 
transmitter suitable for carrying out the method in 
accordance with the present Invention, 

Rgure 2 illustrates the frequency spectrum 
of the spread ^)ectrum data signal and an FM 
voice signal. 

Figure 3 is a block schematic diagram of a 
receiver suitable for receiving the signal transmitted 
by the method in accordance with the present 
invention, and 

Rgure 4 illustrates a modificafion to the re- 
ceiver in order to make it suitable for handling text 
data signals. 

In the drawings the same reference numerals 
have been used to indicate corresponding features. 

For simplicity of description it will be assumed 
that a lOOb/s ASCII encoded data signal will com-, 
prise the spread spectrum signal and the modu- 
lated signal is a treqeuncy modulated speech sig- 
nal. However the modulated signal may comprise a 
data signal having a bit rate of tiie order of 2.4 
kbits/second or an AM, DSB-SC or SSB speech 
signal. 

In Rgure 1 the speech signal having a band- 
wldtii of the order of 3kl^ is derived from a source 
10 wttlch may be a microphone and amplifier. The 
data is derived from a source 12 which may com- 
prise a message data source, a control infonmation 
source or a source of text data. The speech signal 
from the source 10 is applied to a frequency 
modulator 14 whteh modulates tiie signal on an 
appropriate carrier frequency associated witti a 
designated radio channel having 25kHz bandwidth 
(see Rgure 2). The data signal is applied to a 
digital multiplier 16 in which it is mutti'piied by a 
pseudo-random code derived firom a pseudo ran- 
dom bit sequence source 18 on a line 20 to form a 
spread spectrum signal extending across the entire 
channel bandwidtii (Rgure 2). The amplitude of tiie 
spread spectrum signal is of ttie order of 20dB iess 
than that of the FM signal. The source 18 may also 



produce a synchronising signal on a line 22 which 
is connected to the firequency modulator 14 so that 
the signal may also Include ttie synchronising 
signal. The FM signal and the spread spectrum 

5 signal as applied to an r.f. output stage 24 for 
transmission by way of an antenna 26. The FM 
signal Qes within tfie bandwidth of the 25KHz chan- 
nel occupied by the spread spectrum signal which 
appears as noise in tiie signal as transmitted. 

10 Referring to Rgure 3, a receiver comprises an 
r.f. front end 32 connected to an antenna 30. An IF 
signal derived from the r.f. front end 32 is applied 
to both an FM demodulator 34 and to a multiplier 
36. In the FM demodulator 34 the speech is recov- 

75 ered and a synchronising signal may be obtained. 
The speech signal is passed to an audio output 
stage 38 for reproduction and/or storage. The syn- 
chronising signal, if present, is ralayed on a line 35 
to a pseudo random bit sequence source 40 which 

20 is arranged to produce an identical pseudo-random 
code as used to spread the spectaim of ttie data 
signal at the transmitter and in exact phase synch- 
ronisation with that code. Synchronisation is main- 
tained tiy a code tracking loop 45 connected be- 

25 tween the output of a tow pass filter 42 and the 
pseudo-random bit sequence source 40. In the 
event of a synchronising signal not being transmit- 
ted then synchronisation at the receiver can be 
performed by for example a synchronous preamble 

so or sliding correlator disclosed for example in 
"Spread Spectrum Systems'* Second Edition by 
Robert C. Dixon, published by Wiley Interscience. 
The IF signal is multiplied witii ttie synchronous 
pseudo-random signal to despread the signal. The 

38 low pass filter 42 which is connected to tiie output 
of the multiplier 36 selects tiie lOOtys data signal 
which is passed to a suitable data output ctevice 44 
which includes clock recovery. 

IDespreading the whole of ttie IF signal enables 

40 one to obtain a processing gain irrespective of 
whether or not tiiere Is a second signal present 
which processing gain facilitates the recovery of 
ttie data For example if lOOb/s is spread over 
25kHz a processing gain of the order of 27dB is 

45 achieved. In tiie case of speech having been fre- 
quency modulated, ttie processing gain obtained 
during the demodulation reduces the noise compo- 
nent due to the spread spectrum signal. 

If It is desired to protect ttie data signal furttier 

50 the pseudo-random code can be changed regularty 
or at Irregular Intervals and tiie synchronisation 
signal could provide an indication that ttie code has 
been changed to another one in a preset sequence 
or provide an indication of ttie new code. An addi- 

55 ttonal mettiod for providing security to ttie whole 
* b'ansmisslon is frequency hopping. 

In the case of ttie data being a number of 
pages of text then each page can have a unique 
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orthogonal pseudo-random code and the synch- 
ronising signal could contain an Indication of the 
page being transmitted so that at the receiver the 
appropriate orthogonal code can be used to de- 
spread the signal. If desired ail the pages could be 
transmitted simultaneously and a predetermined 
page despread by applying the appropriate 
pseudo-random code. 

Rgure 4 is a block schematic diagram of part 
of a receiver for recovering text data In view of the 
fact that individual pages may be updated at dif- 
ferent times, the orthogonal pseudo-random codes 
are stored in a microprocessor 46 which may in 
response to an appropriate Indication in the synch- 
ronising signal on the line 35 produce the relevant 
code N. This code N is used, as in Rgure 3, to 
despread or operate on the entire signal from the 
IF front end 32 (Rgure 3). The output from the 
multiplier 36 is passed to a tow pass filter 42 to 
recover the data signal which is stored in a RAM 
48 under the control of the microprocessor 46. A 
dock recovery stage 50 is coupled to the output of 
the filter 42 and recovered dock signals are ap- 
plied to the RAM 48 to synchronise the data being 
stored. A text display device 52 is connected to the 
RAM 48 for displaying pages of text which have 
been requested by way of a control bus 54 con- 
nected to the microprocessor 48. 

An amplitude difference of the order of 20dB 
t)etween the FM and spread spectrum signals is 
considered desirable in order to minimise degrada- 
tion of the FM signal. However the amplitude of the 
spread spectrum signal itself should be sufficlentfy 
large to enable the receiver to recover the data 
signal. In the event of having FM and spread spec- 
trum signals of equal powers, tiien at the receWer 
one would recover a good data signal but a deg- 
raded speech signal. 



Claims 

1. A method of transmitting first and second 
signals by the sarne transmitter on a single chan- 
nel, comprising multiplying signals from a first sig- 
nal source with a pseudo-random code to produce 
a spread spectrum signal, produdng a modulated 
second signal, combining the spread spectrum sig- 
nal and the modulated signal so that the modulated 
second signal lies within the bandwklth occupied 
by the spread spectrum signal and transmitting the 
combined signals on a single communications 
channel. 

2. A method as claimed in Claim 1, in which a 
synchronisation signal for the pseudo-random code 
is transmitted as part of the modulated signal. 

3. A method as dalmed in Claim 1 or 2, In 
which the spread spectmm signal as transmitted is 



of lower amplitude than the modulated signal. 

4. A method as claimed in Claim 3. in which 
the amplitude of the spread spectmm signal Is 
subsequently 20dB lower than the amplitude of the 

5 modulated signal. 

5. A method as claimed in any one of Claims 1 
to 4, In which the signal from the first signal source 
comprises data having a bit rate of substantially 
lOOb^s. 

10 8. A method as claimed In Claim 5. wherein 
when the data comprises pages of text, each page 
having a different pseudo-random code. 

7. A method as claimed in Claim 6. wherein at 
least two pages of text are transmitted simulta- 
15 neousiy. 

& A method as claimed in Claim 5, 6 or 7. 
wherein the data is encrypted by changing the 
pseudo-random code. 

9. A method as claimed in any one of Claims 1 
20 to 8. wherein the modulated second signal com- 
prises a speech signal. 

10. A method as claimed in Claim 9. wherein 
the speech signal is firequency modulated. 

11. A method as daimed in any one of Claims 
1 to 8, in which the signal is transmitted using 
frequency hopping techniques. 

12. A method of receiving a signal transmitted 
in accordance with the method as claimed in Claim 
1. comprising frequency down-converting the re- 
ceived signal to form an IF signal, applying the IF 
signal to a demodulator for recovering the second 
signal, multiplying ttie IF signal witii the same 
pseudo-random code as was used to encode the 
data. In order to despread the signal and nar- 
rowt)and filtering the despread signal in order to 
recover the first signal. 

13. A transmitting apparatus comprising a mul- 
tiplier having a first input connected to a source of 
first signals, a second input connected to a source 
of pseudo-random code and an output for a spread 
spectmm first signal, means for produdng a modu- 
lated second signal, and means for combining the 
spread spectrum first signal and the modulated 
second signal so that the modulated second signal 
fles within the bandwidth occupied by the spread 
spectrum signal and for transmitting the combined 
signals on a single communications channel. 

14. An apparatus as claimed In Claim 13. In 
which the pseudo-random code source has a syn- 
chronising output coupled to tiie means for produc- 
ing a modulated signal. 

15. An apparatus as claimed in Claim 13 or 14, 
in which tiie means for produdng a modulated 
signal comprises a frequency modulator. 

16. A receiving apparatus for use with a meth- 
od as daimed In Claim 1. comprising an r.f. front 
end for produdng an IF signal comprising a spread 
spectnjm first signal and a modulated second sig- 
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naf, means for ddmodulating the IF signal, a multi- 
plier having a first Input for receiving the IF signal, 
a second input coupled to a source of the same 
pseudo-random code as was used to spread the 
spectrum of the first signal and an output for the 5 
despread signal, and nanowband filtering means 
for selecting the first signal coupled to the multi- 
plier output 

17. An apparatus as claimed In Claim 16, In 
which the demodulating means comprising means fo 
for deriving a synchronising signal from the modu- 
lated second signal and the pseudo-random code 
source has a synchronising signal input connected 
to the demodulating means. 

ia An apparatus as claimed in Claim 17, in is 
which the pseudo-random code source comprises 
processing means containing a plurality of ortho- 
gonal pseudo-random codes, the processing 
means t>eing responsive to a code Identifier con- 
tained in the synchronising signal to provide an 20 
appropriate code to the multiplier. 



25 



30 



36 



40 



45 



50 



55 



5 



EP0351 008 A2 




PHB 33478 



